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ABSTRACT
Background China is the home to the world’s largest
cigarette maker, China National Tobacco Company
(CNTC), yet little is known publicly about the design and
emissions of Chinese cigarettes. CNTC is currently in the
process of consolidating its brands and has ambitions to
export its cigarettes. Machine-measured tar yields of
many of its cigarette brands have also been reduced,
similar to what occurred in Western countries from the
1970s through the 1990s with so-called ‘low-tar’
cigarettes introduced to address consumer concerns
about health risks from smoking.
Method The current study examines the design and
physical characteristics, labelled smoke emissions and
tobacco metals content of leading brands of Chinese
cigarettes from seven cities purchased in 2005e6 and in
2007.
Results Findings suggest that similar to most countries,
tar levels of Chinese cigarettes are predicted primarily by
tobacco weight and ﬁlter ventilation. Ventilation
explained approximately 50% of variation observed in tar
and 60% variation in carbon monoxide yields. We found
little signiﬁcant change in key design features of
cigarettes purchased in both rounds. We observed
signiﬁcant levels of various metals, averaging 0.82 mg/g
arsenic (range 0.3e3.3), 3.21 mg/g cadmium (range
2.0e5.4) and 2.65 mg/g lead (range 1.2e6.5) in
a subsample of 13 brands in 2005e6, substantially
higher than contemporary Canadian products.
Conclusion Results suggest that cigarettes in China
increasingly resemble those sold in Western countries,
but with tobacco containing higher levels of heavy
metals. As CNTC looks to export its product around the
world, independent surveillance of tobacco product
characteristics, including tobacco blend characteristics,
will become increasingly important.
INTRODUCTION
Approximately 57% of adult males and 3% of adult
females in China smoke.
1 The WHO estimates
tobacco-related diseases currently kill one million
Chinese smokers each year,
2 with substantial
increases expected in the coming years. China is
increasingly a target market for multinational
tobacco companies given its large population and
high smoking rates.
3 Tobacco Journal International
recently pointed to China as ‘. the only area of the
world that the industry can look on with any
degree of optimism.’
4 However, multinational
brands have yet to gain substantial market share
within China. China’s domestic market is instead
dominated by a state monopoly, and the world’s
largest tobacco company (by sales volume), the
China National Tobacco Company (CNTC), which
is overseen by the State Tobacco Monopoly
Administration (STMA). Thirty-one independent
cigarette factories operate in China under the
direction of CNTC and STMA.
5 STMA has
undertaken a plan of modernisation, which
includes brand and manufacturing consolidation,
aiming to create about 10 large tobacco
manufacturing enterprises under CNTC. As part of
this modernisation, the number of cigarette brands
in China has dropped from 1181 in 2000 to 173 in
2007,
4 further dropping to 154 as of October 2008.
6
The goal is to create larger brand families with
national and potentially international markets as
opposed to locally popular varieties.
45
As part of the CNTC modernisation strategy,
efforts are under way to reduce tar levels under
machine testing. In April 2006, a cap of 15 mg of tar
was implemented, with a reported national average
machine yield of 13.2 mg, as measured by the ISO
method.
4 Lower tar (<10 mg) varieties account for
about 2% of the market,
4 probably due to a lack of
demand and limited competition from foreign
brands.
7 However, the publicly stated goal of the
tar level reduction is to reduce harm caused by
smoking,
89which raises the spectre of the low-tar
cigarette debacle experienced by Western countries
from the 1970s to the 1990s.
Reductions in tar levels to meet the newly
adopted 15 mg tar yield ceiling have primarily been
achieved through design modiﬁcation, most prom-
inently increasing ﬁlter ventilation, which has the
effect of reducing the amount of smoke collected
using the ISO machine smoking protocol. It is well
established that the ISO regimen is not represen-
tative of human smoking patterns and that values
obtained from smoking machines cannot be used to
distinguish health risks associated with different
brands.
10e14 Nevertheless, tar, nicotine and carbon
monoxide emission from the ISO test are required
by law to be printed on packs in China. It is
increasingly recognised that these numbers are not
valid indicators of health risk and can actively
mislead consumers.
11e13 Indeed, Article 11 of the
WHO Framework Convention on Tobacco Control
(FCTC) has recommended the removal of tar and
nicotine numbers from packages.
15
There are few published reports on the design
characteristics of cigarettes sold in China. Chen and
colleagues reviewed news reports about herbal-
tobacco cigarettes in China, which claimed health
beneﬁts but for which supporting data were difﬁ-
cult to locate.
16 Akpan and colleagues
17 reported
the levels of polycyclic aromatic hydrocarbon levels
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Research paperin Chinese cigarettes purchased in 2003e4 when smoked under
the ISO regimen. Tar yields ranged from 6.3 mg/cigarette to
17.4 mg/cigarette, and benzo[a]pyrene (BaP) levels from 5.8 mg/
cigarette to 14.2 ng/cigarette. The reported BaP levels were 2e7
times higher than contemporary cigarettes from the European
Union. But the authors did not report physical characteristics or
design features of the tested cigarettes, such as tobacco weight
or ﬁlter ventilation, which would have a strong inﬂuence on
observed BaP levels. Such measurements are critically important
for understanding variability in TNCO yields across brands; in
particular, ﬁlter ventilation can explain virtually all of the inter-
brand variability in tar levels.
18 19
In order to better understand the emerging epidemic of
tobacco-caused illness in China and globally, given CNTC’s role
as the largest producer of cigarettes in the world, data on the
changing design and emission characteristics of Chinese ciga-
rettes are needed (eg, Geoffrey T, Fong, Yuan Jiang, et al. Intro-
duction to the International Tobacco Control Policy Evaluation
Project in China (ITC China Project). Tobacco Control, unpub-
lished). This paper presents data on the physical characteristics,
tobacco contents and selected smoke emissions of popular
cigarette brands manufactured and sold in seven cities in China
during 2005e6 and 2007. We addressed two main research
questions: (1) how do the design and emission characteristics of
Chinese cigarettes compare to those of established international
brands; and (2) to what extent did the design and emission
characteristics of Chinese cigarettes change between 2005e6
and 2007, if at all?
METHODS
Data for this study come from cigarettes purchased in China
initially from December 2005 to March 2006 (2005e6), and
again in OctobereDecember 2007 (2007). Cigarettes were
purchased at typical retail locations in seven cities in China
(Beijing, Changsha, Guangzhou, Shanghai, Shenyang, Yinchuan,
Zhengzhou). In each city, a list of target brands was created and
one carton of each brand was purchased at each of three distinct
retail locations. In 2006, 65 target domestic brands were iden-
tiﬁed from local investigator knowledge of popular brands
available at retail. In 2007, 28 leading domestic brands were
identiﬁed by self-report data obtained from Wave 1 of the ITC
China Survey.
20 While some imported varieties were also
purchased (eg, Marlboro, State Express 555, Mild Seven), the
current discussion focuses on domestic cigarette varieties. The
tested brand varieties are listed in table 1. All cigarettes were
shipped to the Tobacco Research Laboratory at Roswell Park
Cancer Institute (RPCI) via overnight courier and stored
unopened at  208C until analysis.
Characteristics
Cigarette physical and design characteristics were assessed on all
products using methods described previously.
18 19 Prior to anal-
ysis, the cigarettes tested were stored in a freezer at  208C. The
packs were conditioned for a minimum of 48 hours at
228C62.08C and 60%62.0% relative humidity in an environ-
mental chamber per ISO. For a single brand, ﬁve cigarettes were
randomly selected for each assay and the data averaged together.
Physical measures were taken using digital callipers, including
cigarette length and diameter, ﬁlter length, length of the tipping
paper, distance to any areas of ﬁlter ventilation and the length of
the tobacco rod. Filter weight measurements were made using
a Mettler-Toledo analytical balance. The moisture and weight of
tobacco was then analysed using an HR83 Moisture Analyser
(Mettler-Toledo, Ohio, USA). The moisture content was
determined as the percentage change in weight after heating the
tobacco from ﬁve cigarettes with a halogen bulb at 1258C until
an asymptote was reached. Weight is reported as the average of
tobacco from ﬁve cigarettes prior to drying. The level of
permeability of each cigarette paper was also examined using
a PPM1000M paper porosity device (Cerulean, Milton-Keynes,
UK) using the vacuum method. Lastly, the measurements of the
cigarette ﬁlter ventilation and pressure drop were taken using
a KC3 combined dilution/pressure drop instrument (Borgwaldt-
KC, Richmond, Virginia, USA). For consistency, all products
were tested contemporaneously and laboratory analysis was
completed in April 2009.
Emissions
Values of tar, nicotine and CO (where available) as reported on
packs were recorded for all products. These are ostensibly
measured using the ISO testing regimen (ISO 3308),
i in which
35 ml puffs of 2-second duration are drawn from the cigarette
every 60 seconds until a ﬁxed butt length is reached.
Metals concentration
A randomly selected subsample of 2006 brands (n¼13) was
tested for trace metals in unburned tobacco using polarised
energy dispersive x-ray ﬂuorescence
21 at St Andrews University
in OctobereNovember 2007. In brief, tobacco extracted from
about 20 cigarettes was dried and powdered. Two pressed pellets,
each of about 6 g, were analysed quantitatively for several heavy
metals and other trace elements on a Spectro XLAB using cali-
brations based on a wide range of reference standards including
foliage materials. A more complete description with data on
detection limits, etc, is published elsewhere.
22
Statistical analysis
Analysis of data was conducted using SPSS 14.0. Brands that
were not repeatedly sampled in each year were compared by
Mann-Whitney U tests to account for differences in variance
between samples. Repeatedly sampled brands (n¼15) were
compared via Wilcoxon signed rank tests. Averages of tested
Chinese brands were compared to previously published data
using t tests based on means and standard deviations. Relations
between measured physical and design parameters and TNCO
emissions were examined via stepwise linear regression, with an
indicator variable for year of purchase was forced ﬁrst into the
model. Stepwise entry of other potential predictors used p value
criteria of 0.10 and 0.15 for entry and removal, respectively, to be
inclusive of features that might have small overall roles.
RESULTS
Product characteristics
Table 1 presents the per-brand values for ventilation, paper
permeability, tobacco weight and rod and ﬁlter densities. Mean
values for the products purchased in each year are presented in
table 2. Comparing those brands purchased at both rounds
(n¼15) very few signiﬁcant differences are evident. The 2007
versions of these products were slightly longer (apparently
mostly attributed to longer tobacco rods), and had slightly
higher packing density, but slightly lower moisture content.
Table 3 presents comparisons of the Chinese market cigarettes
(combining both sets, but including only the 2007 purchase of
repeated brands) to two published sources of cigarette charac-
teristics data. The study by O’Connor and colleagues
19
i http://www.iso.org/iso/iso_catalogue/catalogue_ics/catalogue_detail_ics.htm?
csnumber¼28325.
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Research paperTable 1 Chinese brands examined in the current study with selected physical and design characteristics reported, 2005e7
Brand Descriptor UPC
Tobacco
weight (mg)
Filter density
(mg/ml)
Rod density
(mg/ml)
Paper permeability
(CORESTA)
Ventilation
(%)
Baisha Blue 191098 660.4 109.2 251.5 53.6 0.0
Baisha Combination 191838 693.4 116.9 258.5 52.0 0.0
Baisha Environmental protection 191432 681.4 114.3 258.2 49.0 0.3
Baisha Red, soft, treasure 192545 693.4 116.7 263.3 50.8 0.0
Baisha Silver lid 191500 690.6 111.8 240.2 52.0 0.0
Baisha White lid 191029 714.2 113.8 244.9 34.9 0.0
Changzheng Red hard pack 038638 678.2 115.7 241.6 53.9 2.5
Chunghwa Lights red 075794 751.2 114.0 246.7 52.0 20.9
Cocopalm Blue 002097 693.2 114.9 235.6 47.9 2.0
Cocopalm Green 002752 676.4 116.4 229.7 47.1 0.1
Cocopalm Red 002233 715.0 114.0 255.4 78.5 2.5
Daqianmen Soft pack 075916 728.6 117.2 248.0 55.8 3.9
Derby King size, tan 132268 676.8 118.9 236.5 57.2 22.1
Derby White, soft pack 126021 669.2 117.8 256.7 45.9 0.0
Diaoyutai Soft 326391 681.2 114.5 246.1 26.5 11.9
Dihao Golden hard 170765 687.2 120.4 240.2 46.8 0.5
Double happiness Elite 075602 752.8 113.3 255.9 27.4 21.9
Double happiness Lights green 075978 703.2 106.3 246.2 54.9 17.0
Double happiness Low tar 075824 726.8 107.1 250.1 52.8 20.7
Double happiness Regular 075800 737.8 117.9 243.1 51.6 2.8
Double happiness Soft 075817 730.4 113.1 237.9 57.3 3.6
Double happiness Super aromatic 75831 633.0 114.3 230.4 57.4 23.5
Furong Xiangyan Soft, gold 199414 699.6 121.0 244.9 38.1 2.2
Furongwang Masterwork 193856 660.4 84.3 255.6 52.2 0.1
Furongwang Yellow, lid 193498 729.0 122.3 248.8 52.6 0.9
Golden leaf Light of the century 161145 693.8 112.2 239.8 43.2 0.1
Good fortune Light red 050371 634.2 112.8 237.1 51.5 0.3
Happiness King size, red 050678 698.6 119.5 246.9 54.5 1.7
Hatamen Aromatic 149358 666.8 106.9 244.8 68.6 3.4
Honghe Lid 055048 637.4 114.9 240.8 52.6 0.2
Honghe Soft 055024 640.0 115.0 252.0 57.9 0.6
Hongjinlong Dance of the ﬁre 180177 657.4 112.7 239.3 58.5 0.7
Hongjinlong Hard 179416 695.6 113.9 237.9 57.2 0.9
Hongmei Red super aromatic 317610 679.8 114.2 248.5 38.8 19.5
Hongmei White 315098 640.6 119.4 241.5 61.0 0.4
Hongmei Yellow lid 314145 690.2 111.4 256.6 57.0 0.1
Hongmei Yellow soft 048125 689.2 111.9 254.0 52.7 0.2
Hongqiqu Gold elite 164511 661.4 109.5 248.4 64.8 0.8
Hongqiqu Light of the milkyway 164542 645.4 118.2 246.4 55.1 14.2
Hongqiqu Silver, special 1st class 164375 639.8 111.8 239.2 64.3 0.9
Hongtashan Gold 314015 676.6 117.1 246.7 37.5 32.6
Hongtashan Red platinum 317450 688.2 111.9 247.4 59.6 18.5
Hongtashan Regular, red 316156 666.8 110.9 242.7 38.3 13.3
Hongtashan Yellow 048231 687.2 113.8 253.6 37.2 29.3
Houwang Hard 058032 668.4 114.1 252.3 57.1 1.0
Jinmanggou Green 166041 661.6 116.9 252.3 67.5 0.0
Jinxuchang Yellow soft 162012 685.4 110.3 227.4 46.5 1.2
LanLing Green 091794 670.8 118.4 257.7 40.5 0.2
LanLing Yellow 091176 691.8 112.8 248.2 54.1 1.5
Lesser Panda Black soft 337168 720.6 112.4 245.7 53.5 16.6
Liqun Hard 118170 711.4 119.2 252.9 56.4 2.8
Liqun Long ﬁlter 118811 583.4 111.1 225.9 45.8 0.0
Mellow Furong Yellow 193818 684.2 113.6 233.3 39.1 0.0
Peony Filter kings- red 075855 665.6 112.2 225.5 56.7 5.8
Peony Red 075589 698.6 115.6 229.1 61.7 0.4
Peony Red, soft pack 075862 710.2 119.2 261.8 61.1 4.0
Peony White 076012 714.6 117.9 242.2 58.0 4.3
Pingtan Red 069427 655.2 113.1 238.7 53.7 0.1
Pingtanxian Gyan White 069205 700.2 120.2 259.7 62.0 0.5
Pride Black, multi-coloured print 025577 729.4 104.9 258.2 56.9 0.4
Sanhua Blue 160018 668.6 111.0 218.2 39.9 1.0
Shanghai 075848 748.6 116.7 247.3 57.4 4.6
Continued
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Research paperexamined characteristics of cigarettes sold in the USA, UK,
Canada and Australia in 2005, while the study by Counts and
colleagues
23 reported limited design information on Philip
Morris international brands in 2004. As one can see the Chinese
cigarettes are substantially different on a number of parameters,
most notably ﬁlter ventilation, but also rod length, tobacco
weight, rod and ﬁlter density, and paper permeability.
TNCO emissions and design
We examined the relation of the measured design features to
labelled emissions of tar, nicotine and CO in the 78 unique
varieties of Chinese cigarettes using stepwise linear regression.
Results are shown in table 4. Prediction of tar yields involved
a number of parameters, with ventilation making the largest
single contribution to variation in yields (over 57% of variance),
and parameters such as ﬁlter weight and paper permeability
making minor contributions. The total model had an adjusted
R
2 of 0.721, suggesting that the majority of variation in tar could
be explained by the included parameters. Nicotine yielded a less
complex model, with ventilation again serving as the largest
predictor (40% of variance), with tobacco weight and ﬁlter
length serving as signiﬁcant contributors. However, the overall
adjusted R
2 for this model was 0.472, suggesting that half the
variation in nicotine yields could be explained by unmeasured
parameters. Finally, for CO, the major contributors were venti-
lation and paper permeability, together explaining 49.3% of
variation in CO yields. Design features not listed did not
contribute signiﬁcantly to the respective prediction model
(p values >0.20).
Metals in unburned tobacco
Overall, as depicted in ﬁgure 1, the levels of metals of health
concern (Cr, As, Cd, Pb) varied considerably among brands. The
tested Chinese brands averaged 0.55 mg/g Cr (range 0.0e1.0),
0.78 mg/g As (range 0.3e3.3), 3.24 mg/g Cd (range 2.0e5.4) and
2.54 mg/g Pb (range 1.2e6.5). ﬁgure 2 presents comparison data
from the Canadian market in 2004 (see Hammond and
O’Connor for more details
24) indicating that levels of Cr are
comparable to Canadian brands (though statistically signiﬁ-
cantly different, p values <0.02 by t test), but that levels of As,
Cd and Pb are substantially (2e3-fold) higher (p values
<0.0001).
Table 1 Continued
Brand Descriptor UPC
Tobacco
weight (mg)
Filter density
(mg/ml)
Rod density
(mg/ml)
Paper permeability
(CORESTA)
Ventilation
(%)
Shuangxi Classic hard pack 000642 690.6 117.9 239.3 41.9 0.5
Shuangxi Soft pack 001489 698.2 114.9 228.2 48.7 1.1
State Guests Black, lights 052504 719.2 113.0 250.3 55.3 0.3
Stone Forest White 050883 656.2 120.3 235.1 48.8 1.3
The Scarlet Camellia Purple 310192 738.0 122.3 257.3 74.6 0.3
The Scarlet Camellia Red 045605 728.6 125.3 256.0 63.0 0.7
Yizhibi Hard 149396 688.0 102.6 248.0 62.5 0.9
Yun Yan Regular (purple) 046886 647.6 119.2 243.2 58.4 0.6
Yun Yan Regular (white) 045636 649.2 117.2 236.5 68.4 1.1
Yun Yan Regular, red 045575 705.8 113.7 239.0 67.4 1.6
Yun Yan Treasure 045902 713.6 114.6 238.1 61.1 0.2
Zhongnanhai Herb Blend Regular
10 071284 648.4 109.9 210.8 60.0 27.8
Zhongnanhai Herb Blend- Regular
8 071499 600.0 114.9 218.8 56.4 26.5
Zhongnanhai Red, regular, hard 072038 722.0 114.2 238.9 52.2 11.8
Zhongnanhai White, hard
3 071673 591.2 117.8 216.8 58.3 59.2
Zhongnanhai White, hard, colourful
8 071765 577.2 109.9 208.5 57.0 25.0
Table 2 Mean physical characteristics of Chinese brands tested in both 2005e6 and 2007
Independent samples Repeat samples (n[15)
Mean (SE) Mean (SE)
2005e6( n [50) 2007 (n[13) 2005e6 2007
Labelled tar (mg/cigarette) 13.9 (0.31) 12.9* (0.57) 13.5 (0.5) 12.9z (0.5)
Labelled nicotine (mg/cigarette) 1.13 (0.02) 1.12 (0.04) 1.07 (0.04) 1.08 (0.04)
Labelled COz (mg/cigarette) 13.4 (0.55) 13.8 (0.55) 12.9 (0.5) 12.9 (0.4)
Cigarette length (mm) 83.8 (0.02) 83.7 (0.04) 83.6 (0.06) 83.9z (0.03)
Rod diameter (mm) 7.6 (0.02) 7.6 (0.03) 7.6 (0.05) 7.6 (0.03)
Tipping paper length (mm) 29.4 (0.40) 28.5 (0.58) 28.2 (0.65) 28.4 (0.67)
Tobacco rod length (mm) 61.4 (0.40) 62.3 (0.62) 61.4 (0.66) 62.4z (0.63)
Filter length (mm) 22.0 (0.54) 20.2* (1.1) 22.0 (0.64) 21.8 (0.67)
Filter weight (mg) 115.8 (2.68) 107.3 (6.2) 114.6 (4.7) 114.6 (3.1)
Paper permeability (CORESTA units) 52.7 (1.40) 52.3 (1.88) 49.5 (0.70) 52.9 (0.90)
Pressure drop (mmwg) 107.0 (1.61) 115.9*(2.74) 119.0 (3.2) 112.9 (2.6)
Ventilation (%) 7.3 (1.67) 4.9 (2.74) 5.9 (2.0) 4.6 (1.8)
Tobacco weight (mg) 684.2 (5.57) 675.2 (9.19) 680.0 (7.9) 687.1 (8.4)
Filter density (mg/ml) 113.9 (0.84) 116.3 (1.01) 113.1 (1.19) 113.7 (1.10)
Rod density (mg/ml) 244.6 (1.62) 239.2 (4.03) 239.1 (2.14) 242.0y(2.32)
Moisture (%) 19.1 (0.16) 18.3 (0.45) 19.0 (0.21) 18.3z (0.30)
*p<0.05 by Mann-Whitney test.
yp<0.05 by Wilcoxon signed rank test.
zp<0.01 by Wilcoxon signed rank test.
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The current paper examined the variation in design features in
contemporary Chinese cigarettes and their relation to reported
ISO emissions, as well as tobacco metal contents in a subsample
of popular cigarette brands purchased in seven cities in China in
2005e6 and 2007. The physical and design characteristics of
Chinese domestic cigarettes were broadly similar to manufac-
tured cigarettes examined in international samples.
19 23 25
However, they did show signiﬁcant differences in speciﬁc
parameters such as ventilation, tobacco weight and paper
permeability. Mass-manufactured cigarettes have relatively tight
parameters for features such as overall length and diameter, such
that there is little variation among brands or across countries
within a product class (eg, king size ﬁlter tipped). Most observed
brand-to-brand variation occurs in tobacco and ﬁlter weight,
ﬁlter length, paper permeability and ﬁlter ventilation. Consis-
tent with data from other countries, ﬁlter ventilation emerged as
the most important predictor of labelled tar, nicotine and CO
yields, though the relation was not as strong as observed in
other studies, where R
2 values of 0.90 and greater are seen.
18 19
Differences in predicted yields from previous studies probably
reﬂect the restricted range of yields examined in China since very
few brands purchased had tar yields lower than 10 mg, in
contrast to many Western markets where 50% or more of tar
yields fall below 10 mg. The predictive model for nicotine was
weakest, suggesting that engineering features may not be the
primary drivers of nicotine yield in China, especially considering
the very narrow range of yields observed. The ﬁndings overall
underscore the inﬂuence of ventilation, even at relatively low
levels, in manipulating the emission levels of products when
tested under the standard ISO regimen, which remains the basis
for reporting in much of the world. The fact that few brands on
the Chinese market currently have yields below 10 mg suggests
a potential marketing opportunity for CNTC as Chinese
smokers become increasingly educated about the health risks of
smoking. Indeed, evidence from the ITC Survey suggests that
many Chinese smokers believe ‘light’/‘low tar’ cigarettes are less
harmful.
25
We found relatively high levels of arsenic, lead and cadmium in
the tobacco of domestic Chinese cigarettes, substantially higher
than cigarettes from Canada.
26 This is consistent with existing
literature on metals in counterfeit cigarettes, the majority of
which appear to originate in China.
21 Metal content in tobacco
leaf primarily isdriven bythemetal content ofthesoil in whichit
is grown, rather than resulting from processing.
27 Various inves-
tigations usingdifferentmethodologies consistently indicate that
cadmium (an IARC Type 1 carcinogen) transfers linearly from
tobacco into smoke emissions.
24 28 29 Galazyn-Sidorczuk et al
28
haveshownthatthiscorrelationextendstobloodcadmiumlevels.
Recentworkalsosuggeststhatcadmiumandleadlevelsarehigher
inlungtissuesofcurrentandformersmokinglungcancerpatients
relative to non-smokers.
30 Furthermore, large increases in trans-
ference factors are observed using the Canadian intense smoking
protocol compared with the ISO protocol (factors of 2.9 and 2.4
respectively for Cd and Pb; 25), meaning transfer increases with
increasing smoking intensity. Thus cadmium and lead concen-
trations in tobaccocan be takenas ﬁrst order indicators of relative
exposuretodifferentproducts.Whiletherelativehealthburdenof
metal exposure from tobacco is still unclear, some studies suggest
that they might be at least as important in carcinogenesis as
polycyclic aromatic hydrocarbons (PAHs) and N-nitrosamines.
31
The higher yields of cadmium and lead in cigarettes manu-
factured in China are worrisome given current smoking preva-
lence in China and CNTC’s export ambitions. Health and
regulatory ofﬁcials around the world should be concerned about
the potential for export of cigarettes (or processed tobacco) with
manifold higher contents of known toxicants from China into
international markets. From a regulatory perspective, precluding
import of tobacco and tobacco products with high arsenic,
cadmium, and/or lead content, using relatively simple leaf and
ﬁller analysis as screening tools, could have substantial impacts
on the international tobacco trade and, potentially, public
health. Regulatory limits on metal contamination would not be
unprecedented. Australia and New Zealand, for example, have
maximal limits for arsenic (1 mg/kg
ii in cereals), cadmium
(0.1 mg/kg in leafy vegetables) and lead (0.1 mg/kg in
Table 3 Mean (SD) of physical characteristics of cigarettes from
different studies
China (current
study)
O’Connor et al
(2008)
18
Counts et al
(2005)
22
Parameter Mean SD Mean SD Mean SD
No tested 78 172 48
Pressure drop 109.6* 11.4 98.6 15.3 NR
Ventilation 6.4* y 10.7 37.8 21.6 37.3 22.1
Tobacco rod
length
61.7* 2.6 59.9 3.3 NR
Tipping paper
length
28.9 2.6 28.2 3.1 NR
Tobacco weight 683.3* 36.9 640.0 79.1 679.0 86.8
Rod density 243.2* 11.7 229.1 23.7 NR
Filter density 114.2* 5.3 122.2 10.9 NR
Paper
permeability
53.3y 9.6 NR 45.0 16.5
*signiﬁcantly different from O’Connor et al
18 at p<0.0001 by t test.
ysigniﬁcantly different from Counts et al
22 at p<0.001 by t test.
NR, not reported.
Table 4 Stepwise linear regression results for tar, nicotine, and carbon
monoxide on cigarettes purchases in China, 2005e7( n ¼78)
Variable DR
2 B Beta t p Value
Tar
Intercept  4.183  0.796 0.429
Year 0.049  1.274  0.283  4.455 <0.001
Ventilation 0.577  0.118  0.584  7.675 <0.001
Tobacco weight 0.047 8.785 0.149 1.615 0.111
Filter weight 0.044 39.023 0.332 3.522 0.001
Paper permeability 0.016  0.25  0.112  1.791 0.078
Rod length 0.010 0.160 0.192 1.683 0.097
Final model 0.721
Nicotine
Intercept 0.095 0.299 0.766
Year 0.008  0.033  0.098  1.142 0.257
Ventilation 0.402  0.007  0.441  4.351 <0.001
Tobacco weight 0.037 1.195 0.275 3.064 0.003
Filter length 0.053 0.012 0.277 2.778 0.007
Final model 0.472
CO (N¼40)
Intercept 16.571 14.669 <0.001
Year 0.004  0.183  0.049  0.429 0.67
Ventilation 0.477  0.142  0.713  6.244 <0.001
Paper permeability 0.050  0.040  0.224  1.988 0.054
Final model 0.493
B, unstandardised regression weight.
Beta, standardised regression weight.
ii 1 mg/kg ¼ 1 ug/g.
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tobacco (even those in Canada) generally exceeds these levels.
A limitation of the current study is the reliance on labelled
values for tar, nicotine and CO for regression analyses rather
than direct testing of emissions. In addition, metals were only
tested for a subset of brands. Another limitation is that brands
for this study were not selected strictly on the basis of market
share or to represent a broad range of tar yields, but rather were
a convenience sample. Future research should replicate these
ﬁndings across a market-based sample.
China is a party to the FCTC and is moving to implement
regulations to meet its treaty obligations. Simultaneously, it
owns the world’s largest tobacco company. Chinese tobacco
scientists appear to be active in research and development of
new products and emission reduction technologies, which
speaks to the growing sophistication of the Chinese industry.
33
These reports are consistent with STMA’s moves to modernise
factories and adopt manufacturing and quality control tech-
nologies from the major international companies. It is also
possible, then, that product-level regulations such as chemical-
speciﬁc emissions limits
12 could be implemented in China with
emerging production technologies. Particular attention should be
paid to eliminating heavy metals from tobacco.
Overall, the ﬁndings from this study suggest that Chinese
cigarettes differ in substantive ways from cigarettes sold in
Western markets, though they follow similar patterns in deter-
mining tar and nicotine yields under standard testing conditions.
But the presence of high levels of heavy metals in Chinese
cigarettes may constitute a potential global public health
problem as exports of Chinese cigarettes continue to increase.
Figure 1 Distribution of metal content
of unburned tobacco in 13 Chinese
cigarette varieties, 2005e6.
Figure 2 Comparisons of average
metal contents for Chinese and
Canadian cigarettes. Error bars
represent 95% CIs.
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Research paperRegulators should require disclosure of the source and growing
conditions of tobacco used in all products and should consider
product standards based on heavy metal content.
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What this paper adds
There is very limited public information about the design and
emissions of Chinese cigarettes. In recent years the China
National Tobacco Company (CNTC) has reduced the machine
measured tar yields of many of its cigarette brands, similar to
what occurred in Western countries from the 1970s through the
1990s with so-called ‘low-tar’ cigarettes introduced to address
consumer concerns about health risks from smoking. Findings
from this study suggest that, as in most countries, reported tar
levels are predicted primarily by tobacco weight and ﬁlter
ventilation. We found particularly high levels of cadmium and lead
in Chinese cigarette tobacco, which is probably the result of soil
conditions where tobacco is grown in China. The presence of
high levels of these and other heavy metals may constitute
a global health concern as China increases their cigarette exports.
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